in the total sample, 76.5bpm (SD = 10.7) in boys, and 80.2bpm (SD = 10.9; p < 0.001) 
Introduction
The epidemiological transition, characterized by a progressive decrease in morbidity and mortality from infectious diseases and a proportional increase in the burden of non-communicable diseases and injuries 1 , demands a reorientation of public health research. One of the field's main current challenges is to elucidate the risk and protective factors for non-communicable diseases and injuries, including the investigation of biological and social exposures that increase the disease risk at the population level. Evidence shows that resting pulse rate is a strong predictor of risk for coronary diseases 2, 3, 4, 5 .
Until recent years there was a clear tendency to evaluate risk factors for non-communicable diseases and injuries mainly in adults. However, it is now known that the future risk of chronic diseases is influenced by factors that begin during intrauterine life 6 and extend into adulthood, with adolescence as a particularly important period when life habits are established 7 . The literature on factors associated with resting pulse rate is scarce, especially in relation to risk factors for pulse rate levels. Most articles on resting pulse rate evaluate its consequences 2, 3, 4, 5 , especially for risk of coronary diseases. Studies on adolescents are even more scarce 8 .
This study aimed to fill part of the gap in this knowledge by describing the resting pulse rate and associated factors in adolescents followed from birth to 11 years of age.
Methods
All the hospital births in the city of Pelotas, Rio Grande do Sul State, Brazil, in 1993 were monitored. The mothers answered a questionnaire, and the newborns were weighed and measured. Subsamples were visited at 1, 3, and 6 months and 1, 4, 6, and 9 years of age. In 2004-2005, all the cohort participants were searched for a new follow-up, the methodological details of which are described elsewhere 9 .
Resting pulse rate in beats per minute (bpm) was monitored with a digital monitor, Omron brand, model 711-AC (Beijing, China), placed on the adolescent's wrist. The instrument's accuracy is ±5% according to the manufacturer. The measurements were taken at the beginning and end of the interview (approximately 60 minutes apart), with the adolescents in sitting position. The mean of the two measurements was used in the following analyses.
The household assets index was constructed with a list of household assets and was divided into quintiles for purposes of analysis. Self-reported skin color was used in the analyses. We chose to evaluate the category "black" separately from "brown or mulatto", since the literature suggests the specific influence of black race on pulse rate 10 . The mother's body mass index (BMI) was analyzed, as was the adolescent's own BMI, and both were calculated using two weight and height measurements, taking the mean value for the analyses. Weight was measured with a digital scale, SECA brand, accurate to 100g (Birmingham, UK), while height was measured with an aluminum stadiometer, accurate to 1mm. The physical activity score was based on a questionnaire that included the mode of commuting to school and participation in sports or structured and unstructured physical activities in and out of school 11 . Blood pressure was measured with the same instrument as for pulse rate. Smoking prevalence in the adolescents was also recorded, based on a confidential questionnaire. In the crude analysis, the association was also tested between pulse rate and diastolic blood pressure, but since the association was in the same direction but with a lower magnitude than for systolic pressure, the latter was chosen for the analyses.
The initial analysis shows the mean values and respective standard deviations (SD) for resting pulse rate in the total sample and in boys and girls separately. A histogram describes the distribution of the dependent variable. The mean pulse rate values were calculated for the subgroups of independent variables, and the statistical significance was evaluated with the t test (exposures with two categories) or analysis of variance (exposures with three or more categories). Simple and multiple linear regression analyses were performed to evaluate the effect of various predictors on pulse rate.
The project was approved by the Research Ethics Committee of the School of Medicine, Federal University in Pelotas. The parents or guardians signed a free and informed consent form, authorizing the children to participate in the study.
Results
Of the 5,249 cohort participants, 4,452 were located in the 11-year follow-up, which, after computing the 141 who had died by this age, represented 87.5% of the original cohort.
Mean resting pulse rate was 78.9bpm (SD = 12.6) at the first measurement and 77.9bpm (SD = 12.1) at the second, with a mean of 78.4bpm (SD = 11.0). Mean pulse rate in boys was 76.5bpm (SD = 10.7), as compared to 80.2bpm in girls (SD = 10.9; p < 0.001). Figure 1 shows the histogram with the pulse rate distribution in the total sample, confirming this variable's normal distribution. Table 1 shows the mean pulse rates for the total sample and for boys and girls separately. In the total sample, there was no association between pulse rate and the variables household assets index, maternal BMI, or adolescent's smoking. Black and brown youngsters showed significantly lower mean pulse rates than whites. Pulse rate was positively associated with the adolescent's BMI and blood pressure, while there was an inverse association with physical activity score. The results in the total sample were very similar to those observed in boys, although the association between physical activity score and pulse was not statistically significant in boys. In girls, there was no relationship between pulse rate and the adolescent's BMI or physical activity score. Table 2 shows the crude and adjusted linear regression coefficients for resting pulse rate according to the independent variables in the total sample. The results of the adjusted analysis were very similar to those observed in the crude analysis, except for the variable adolescent's BMI, which lost the association with pulse rate after adjusting for confounding factors. A specific analysis showed that the principal variable that eliminates the effect of adolescent's BMI after adjustment is blood pressure. Girls showed a mean pulse rate 3.8bpm higher than boys, while brown/mulatto youngsters showed a pulse rate 2.2bpm lower than whites. Adolescents in the upper quartile of the physical activity score displayed a mean pulse rate 1.6bpm lower than those in the lower quartile of physical activity. The strongest association was observed with blood pressure: adolescents in the upper quartile showed a mean rate 4.12bpm higher than those in the lower quartile. Table 3 shows the crude and adjusted coefficients for boys. After adjusting, the effect of adolescent's BMI and physical activity score on resting pulse rate did not remain statistically significant, and only black skin color and elevated systolic blood pressure were associated with pulse rate. Brown-skinned youngsters had a pulse rate 3.3bpm lower than whites, while the highest quartile of systolic pressure showed a mean rate 4.5bpm higher than the lowest quartile.
In girls (Table 4) , there was an inverse phenomenon in the association between adolescent's BMI and pulse rate. The crude analysis showed no relationship between the variables, whereas after adjustment the p-value was 0.09, and the upper BMI quartile showed a mean pulse rate 1.6bpm lower than the lower quartile. Again, after adjusting for confounding factors, only skin color (black and brown) and blood pressure (quartiles 3 and 4) remained significantly associated with pulse rate.
Discussion
Although resting pulse rate is strongly associated with blood pressure, there is evidence that resting pulse rate is an independent risk factor for coronary disease 2, 3 . Thus, knowing the factors associated with resting pulse rate is relevant in public health terms. However, the literature in this area is extremely limited, and most of the studies approach the consequences rather than the factors associated with elevated resting pulse rate. In this sample of Brazilian adolescents 11 years of age, we showed that resting pulse rate is lower in boys and in youngsters with black or brown skin. Pulse showed an inverse association with physical activity and a direct association with blood pressure.
The association between resting pulse rate and gender has proven inconsistent in the scientific literature. A study in Niterói, Rio de Janeiro State, Brazil, showed that resting pulse rates were higher in boys than in girls 8 , contrary to the current study's findings. Studies in adults have also shown higher pulse rates in men 10 . In the current study's sample 12 , there was no significant asso- Table 1 Mean resting pulse rate and standard deviation (SD) for the overall sample and stratifi ed by gender according to independent variables. ciation between blood pressure and gender, indicating that the differences in resting pulse rate are not explained by blood pressure. A possible explanation would be the higher level of physical activity in boys than in girls 13 . However, the association remained significant even after adjusting for this variable. In this same sample of adolescents, the blood pressure levels were higher in black individuals compared to whites and browns 12 . Meanwhile, resting pulse rates showed exactly the opposite association. The literature is contradictory on this association in young people. Meanwhile, in North American adults, there is a trend towards higher pulse rates in ethnic minorities 10 . There is evidence that black individuals have greater difficulty excreting sodium and some fluids, leading to a greater tendency to concentrate the urine, Table 2 Crude and adjusted linear regression coeffi cients for resting pulse rate (bpm) in the total sample. which can lead in turn to greater susceptibility to hypertension 14 . However, the current study's results related to color and pulse rate require confirmation by further research. The inverse association observed in the crude analysis between resting pulse rate and physical activity is consistent with the findings in the scientific literature 15 . Interventions to promote physical activity may help decrease pulse rates in adolescents 16 . After adjustment, there was no significant association between pulse rate and BMI, perhaps because of the strong association between BMI and blood pressure 12 . Table 3 Crude and adjusted linear regression coeffi cients for resting pulse rate (bpm) in boys. The strongest predictor of resting pulse rate was blood pressure. The literature is consistent in showing a strong correlation between these two variables. However, some risk factors for elevated pulse rate differed from those for blood pressure in the same sample 12 , indicating that the two variables have similarities but also differences in their epidemiology.
Some limitations of the current study should be considered. Initially, although the study is part of a birth cohort, the analyses presented here are cross-sectional, which prevents establishing a cause-effect relationship between the independent variables and resting pulse rate. In addition, we chose to use the subjects' self-reported skin color, which can lead to some degree of classification error. However, this decision was based on the method currently used by the Brazilian Institute of Geography and Statistics (National Census Bureau) to evaluate this variable. Table 4 Crude and adjusted linear regression coeffi cients for resting pulse rate (bpm) in girls. New studies are needed on factors associated with resting pulse rate. Our literature review indicated a scarcity of data on risk factors for elevated pulse rate. A better understanding of the determination of resting pulse rate could help prevent chronic diseases. Health promotion strategies, including encouragement for physical activity, could help reduce resting pulse rates in adolescents.
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